
NAVAL RESEARCH LAB WASHINGTON DC 
MIRROR PL.AS MA.(u) 

6 2OF Q
A SHEAR STABI
DEC 79 S H H

MR SOIE—AD— E000 357 ML

I

I
II

‘Iii

z:1



I t~ ~21 ~II2.5
I . V L “=

______ ~ ~~~2 11112.2
~~ ~ 3ô WI~~~

11111 ‘ ‘ ~~

f~ 1.25 (11.4 II~I i.o_ u~~~ um~~

4 4 ~r.

MICROCOPY RESOLUTION TEST cii&qi I
NATIONAL BUREAU OF STRNDARDS-1963-;~



ifVF1~~~~~~~ 
-,

~~ NRL Memorandum Report 4144

A Shear Stab ilized Cylindricall y Symmetric
Mirror Plasma

oo W. M.

~~~ Plasma Theory Branch
Plasma Physics Division

‘
I

December 21, 1979

D D C
~~~~~~ rn~

FEB 13~~~Q

Ulli~~L6uui~
-

NAVAL RESEARCH LABORATORY
W hinØon, D.C.

Ap m,d I St ps~Iic 1I.Ii *~t.~ u~I.hed.

1 28 ~8 8 I

_______________________________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ .flL~-
— _ _ _ _ _ _ _

S E C U R I T Y  C L A S S I F I C A T I O N  OF T H I S  PAGE (*h.n D.t. FnI•,•d)

D~~PnoT rArII~~cSJTAT IA~J PAGE READ ~NSTNUCTIONS
B~~FOkE COMPLITING J~ORM

~ . REPOR T NUMBER ‘2 GOVT ACCESSION NO RECI PIENT’S C A T A L O G  NUMBER

NRL _Memorandum_Report_4144 1 _______________________________

C TIT .(~~.d S,.eISII.) f ~ T ’*i..BEI SU T/ PERIOD COVERED

4.SI1EAR S.TABILIZED~$~YLINDRICALLY SYMMETRIC “~ Inte rim re a continuing

(~~A’ -
~JfWROR PtASMA ~~~ 

—Nft~ pr-’~
~~~ 

~~~~- ç — - S PERFORMING ORG. REPORT NUMBER

— 
7. AUTHOR(.) S C O N T R A C T  OR GRA NT NUMBER( s)

W M !Manhelmer 
—

B. PERFORMING ORGANIZATION NAME AND ADD RESS 10 PROGRAM ELEMENT. PROJECT , TASK
A R EA  I WORK UI4IT NUMBERS

Naval Research Laboratory
Washington , DC 20375 NRL Problem 67.0896-0.0

EX.76.A-34-1006
II. CONTROLLING OFFICE NAME AND ADDR ESS ~2 REPORT DATE

U.S. Department of Energy December 21, 1979
Washington, DC 20545 ‘a. NUMBER OF P AG E S

6
II. MONITORING AGENCY NAME 6 ADDRESS(II  dfftUI.nI f,o~. Cwst,oIII n~ Of(dc•) IS. SECURITY CLASS. (of IBIs .spo.i)

- - UNCLASSIFIED 
____

(V y )
~ 

(19 3? — 

~J.. .i7t_ 1~,1L s•.

IS. DISTRIBUTION STATEMENT (of this R.po~I)

Approved for public release; distribution unlimited. (Li) ~ 
- E 0 ~~ ~ ‘:7

17. DISTRIBUTION STATEMENT (of lB. ab.tt.cf s~ tStAd In florA 20. If .flhI.,.., t tto , Rspo.l)

IS. SUPPL EMENTARY NOTES

15. KEY WORDS (Co..II nu. on t.v.tO. •Id. II n.r..aa,y ,d Id.nIIIy by blorA noa.b.t)

Mirror plasma
Shear stabilization

Zo . ASS~ RACI (Conflno. en so. ,.. .Id. If ,..c...a,v .~d Id.ntfty by bfocb n... ~b.,)

,Z> This memorandum report examines the possibility of shear stabilization of a cylindrically
symmetric mirror plasma.

DD ~~~~~~~ 1473 k- EDITION OF NOV 65 ,$ OSSOLET E
5/N 0107 014 6601 j

SECU IT’! CLASSIFICATION OF Th IS PAGE (151.0 D.f. lnts.0d)

--

~

--

~

-

~

- ~~--.- , ~~~~~~—.--~--,—.-——-- .- ,-—,—--— —.- . — —-S



r -.——~~~~~~~~~~~~~~~~~ - -~~~~~ --~~~~~~~ —. ,.--S-~~~~~~~~~~~~~~~~~ .-— -~~~~~~

~ L~4~~ 
_ _ __ _ _-

~

~~~~ p R 
_ _ _ _~ ~~~~~~~~ ~~

~ ~; ~I ~
A SHEAR STABILIZED CYLINDRICALLY SYMMETRIC MIRROR PLASMA

In order to avoid f lu te  instabilities , magnetic mirror plasmas

are almost always confined in minimum B configurations.
1’2 While these

configurations are MHD stable, they are not cylindrically symmetric.

However cylindrically symmetric configurations have certain advantages

in that the coil structures are much simpler. Also it might be possi-

ble to compress a cylindrically symmetric mirror confined plasma with

an imploding liner. This note proposes such a cylindrically symmetric

MMD stable mirror plasma.

The idea Is to use shear stabilization rather than minimum B.

This essentially means running a current through the center of the

mirror field.

To analyze this, model the flute instability by a simple g mode.

Let us assume a 2:1 mirror ratio so the radius of the plasma at the

midplane is larger by \1i than at the mirror neck, as shown in Fig. 1.

Model the f ield line by

2irxy r
0
+ 0.l5 r0

cos _
~~’ . (1)

Then the minimum radius of curvature R (at midplane) is h R

/21r \2
0.15 r0 (~r-) . This corresponds to the most unstable gravity.

Note: Manuscript submitted October 30, 1979.
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Then say
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/ 2w \2
~~~~~~

_
0.l5 V~~r~~~~_) (2)

Now the Suydam style cr iterion3’4 for stabilizing g modes is

ap 4 ’irgp L 2
4itg .5~2. L~ /B~ 

~ r (3)

where L
8 is the shear length

B
L 1 

— -~~~~~~~- - ~-~~~ (4)B~~qdr
and

2irB r
z (5)D

9
L~

If the current all flows within a radius a, B9 — B
0

(a) ~ so

2 B
0

L:’= B r  (6)
z

Taking r r
0 the shear stabilIzation condition becomes

2irr
8npv~ (0.15) ( L o)< B~ (7)

If n — io13, T~ — 1 KeV, R0 — 2 cm, L 40 cm like the plasma in

Ref. 2, we find,

B
8
( r )  200 G, (8)
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since B0 = I/5r that this means a current down the center

I 2KMnps. (9)

which Is a relatively modest current.

This current could come from a wire or discharge down the

middle. If the latter, the discharge itself must be MED stable also.

If the electrode radius (assumed to be at mirror neck) is 0.7 cm and

current radius is a = 1 cm at midplane, then if I = 2 kA amps and

B0 — 10 kG,

aB 1Ona2B
q(a) = 

L 
° = 

~ L 
° 

~ 7.5 (1.0)

so the discharge should be stable.
5 

if it has a diffuse profile.

The appealing thing about this theory is that it utilizes only

a single concept, shear stabilization of a mirror plasma. This could

be tested on a relatively small low cost experiment like that of

Ref. 2. If it works, one then has the option of using a minimum B

configuration if cylindrical symmetry is unimportant, or a shear

stabilized configuration if cylindrical symmetry is important.
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Fig. 1. Schematic of a shear stabilized mirror plasma.
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